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SUMMARY
The composite m a t e r i a l proposed for use i n t h e Advanced Communications Technology S a t e l l i t e (ACTS) Program c o n t a i n s a new, high-modulus g r a p h i t e f i b e r as t h e r e i n f o r c e m e n t . A s t u d y was conducted t o measure c e r t a i n mechanical p r o p e r t i e s o f t h e new f i b e r -r e i n f o r c e d m a t e r i a l as w e l l as o f a composite-faced aluminum honeycomb sandwich s t r u c t u r e . P r o p e r t i e s were measured a t -157, 22, and 121 O C . Complete c h a r a c t e r i z a t i o n o f t h i s m a t e r i a l was n o t i n t e n d e d .
L o n g i t u d i n a l t e n s i l e , picture-frame shear, short-beam shear, and f l e x u r a l Unit e s t s were performed on specimens of t h e composite face-sheet m a t e r i a l s . 
r i c a t e d and t e s t e d . These designs had been s t u d i e d by u s i n g NASA's I n t e g r a t e d Composite Analyzer (ICAN) computer program. F l e x u r a l t e s t s were
conducted on C~6Oo/OoIs composite-faced sandwich s t r u c t u r e m a t e r i a l . R e s i s ta n t e s t r a i n gages were used t o measure s t r a i n s i n t h e t e n s i l e , p i c t u r e -f r a m e , and sandwich f l e x u r a l t e s t s .
INTRODUCTION A common use for composites i n space has been as antenna r e f l e c t o r s t r u ct u r e s . An antenna s t r u c t u r e i s w e i g h t c r i t i c a l and r e q u i r e s h i g h s t i f f n e s s and dimensional s t a b i l i t y o v e r a temperature range o f -157 t o 121 O C . One such s t r u c t u r e i s under development for t h e Advanced Communications Technology S a t e l l i t e (ACTS). The s t u d y r e p o r t e d h e r e i n i s concerned w i t h c h a r a c t e r i z i n g t h e m a t e r i a l s proposed as components for t h i s s t r u c t u r e .
A polymer-matrix, g r a p h i t e -f i b e r -r e i n f o r c e d composite sandwich s t r u c t u r e was s e l e c t e d t o meet t h e general antenna requirements. An ultra-high-modulus g r a p h i t e f i b e r (Thornel P-75 pitch-based f i b e r ) was chosen as t h e r e i n f o r c e m e n t f o r t h e sandwich f a c e sheets. These f i b e r s a r e n o r m a l l y c h a r a c t e r i z e d by low thermal expansion v a lues. The w e i g h t -c r i t i c a l r e q u i r e m e n t was met by u s i n g sandwich c o n s t r u c t i o n w i t h t h i n composite f a c e sheets. Aluminum honeycomb i s g e n e r a l l y used as t h e sandwich c o r e ( r e f . 1 
) because i t possesses d e s i r a b l e p r o p e r t i e s such as ( 1 ) S a t i s f a c t o r y shear p r o p e r t i e s ( 2 ) High thermal c o n d u c t i v i t y t h a t a l l o w s gobd t r a n s f e r o f h e a t from one f a c e sheet t o t h e o t h e r ( 3 ) Easy f o r m a b i l i t y and m a c h i n a b i l i t y (4) S u f f i c i e n t e l e c t r i c a l c o n d u c t i v i t y t o meet grounding r e q u i r e m e n t s
The polymer m a t r i x i s a high-temperature epoxy known as F i b e r i t e 934, s u i t a b l e f o r use t o 177 OC.
s i v e a r e t a b u l a t e d i n t a b l e 1 .
P r o p e r t i e s o f t h e t h r e e sandwich c o n s t i t u e n t s and t h e adhe-A computer program has been developed a t t h e Lewis Research Center t o conf i r m t h e s t r u c t u r a l d e s i g n d a t a . C a l l e d I n t e g r a t e d Composite Analyzer ( I C A N ) ( r e f . 21, i t analyzes and designs f i b e r composite s t r u c t u r e s . The d a t a genera t e d by t h i s computer program were compared w i t h d a t a from a s e r i e s o f mechani c a l t e s t s a t -157, 22, and 121 O C . A m a t r i x of t h e t e s t program i s g i v e n i n t a b l e 11. The t e s t b a t t e r y , t h e r e s u l t s , and o b s e r v a t i o n s a r e d i s c u s s e d h e r e i n . i n g t h e course o f t h l s work, t h e m a t e r i a l s t e s t e d were n o t changed because t h e major o b j e c t i v e o f t h i s work was t o c o n f i r m ICAN p r e d i c t i o n s . measured d a t a a r e compared w i t h I C A N p r e d i c t i o n s .
Although t h e m a t e r i a l s s e l e c t e d f o r t h e ACTS program were changed dur- The laminated composite sheet m a t e r i a l s e v a l u a t e d i n t h i s i n v e s t i g a t i o n were f a b r i c a t e d from 0.013-cm (0.005-in.) and 0.0063-cm (0.0025-in.) t h i c k P-75/934 epoxy u n i d i r e c t i o n a l p r e p r e g tape. The laminates were g i v e n a f i n a l a u t o c l a v e c u r e a t 177 O C under 6 . 9~1 0 3 Pa (100 p s i ) for 2 h r a c c o r d i n g t o t h e m a n u f a c t u r e r ' s recommended p r o c e s s i n g procedure. The f i b e r c o n t e n t o f t h e cured l a m i n a t e s was 62 t o 63 v o l %. The p r o p e r t i e s of t h e c o n s t i t u e n t mater i a l s a r e presented i n t a b l e I. F i b e r p r o p e r t i e s were assumed t o remain cons t a n t o v e r t h e temperature range s t u d i e d , and changes i n m a t r i x p r o p e r t i e s were computed by subprograms b u i l t i n t o ICAN. Both u n i d i r e c t i o n a l and a n g l e -p l i e d laminates from 4 t o 8 p l i e s t h i c k Sandwich panels were prepared by u s i n g a room-( t a b l e 11) were f a b r i c a t e d and t e s t e d for t e n s i l e , f l e x u r e , shear, and s h o r tbeam shear p r o p e r t i e s . t e m p e r a t u r e -c u r i n g epoxy adhesive (McCann 580-5) bond cured C=60°/Ools f a c e sheets t o 0.64-cm (0.25-in.) t h i c k aluminum honeycomb (Hexcel 114-5052-0.0007) w i t h a d e n s i t y o f 0.026 g/cm3 and a 0.64-cm (0.25-in.) c e l l s i z e . The propert i e s o f t h e adhesive and t h e honeycomb a r e g i v e n i n t a b l e I. adhesive was cured a t room temperature, t h e measured Tg was 177 O C . Tests on s i n g l e lap-shear aluminum specimens ( t a b l e 111) showed t h a t t h e adhesive r e t a i n e d 60 p e r c e n t o f i t s room-temperature lap-shear s t r e n g t h a t 121 O C . The specimens measured 2.5 cm (1.0 i n . ) wide by 17.8 cm ( 7 . 0 i n . ) l o n g by 0.32 cm (0.125 i n . ) t h i c k . The o v e r l a p was 1.3 cm (0.5 i n . ) .
Although t h e TEST METHODS

T e n s i l e Tests
A l l t e n s i l e t e s t s were conducted on s t r a i g h t -s i d e d coupons measuring 25.0 cm (10.0 i n . ) l o n g by 1.3 cm (0.5 i n . ) wide by a p p r o x i m a t e l y 0.23 cm (0.09 i n . ) t h i c k . The ends were tabbed w i t h f i b e r g l a s s -r e i n f o r c e d t a b s 6.4 cm (2.5 i n . ) l o n g by 0.10 cm (0.04 i n . ) t h i c k . A l l t e n s i l e specimens were i n s t r umented w i t h back-to-back s t r a i n gages i n b o t h t h e l o n g i t u d i n a l and t r a n s v e r s e d i r e c t i o n s . The s t r a i n s were measured by u s i n g a network o f s i g n a l c o n d i t i o ne r s and a m p l i f i e r b r i d g e s . The s t r a i n d a t a were confirmed by a s e r i e s o f t e s t s t h a t measured t h e i n i t i a l moduli and P o i s s o n ' s r a t i o s on a Budd p o r t a b l e s t r a i n i n d i c a t o r w i t h a s w i t c h and balance u n i t . The specimens were s t r e s s e d w i t h an I n s t r o n t e n s i l e t e s t machine (model 1125). A l l t e s t s w e r e r u n a t a s t r a i n r a t e o f 0.13 cm/min (0.05 i n . / m i n > .
P i cture-Frame T e s t s
The p i c t u r e -f r a m e t e s t was s e l e c t e d to measure shear p r o p e r t i e s because ( 1 ) t h e t e s t i n v o l v e s i n -p l a n e shear p r o p e r t i e s , (2.) t h e in-plane l o a d i s p l a c e d u n i f o r m l y on t h e edges, ( 3 ) t h e t e s t can be adapted for d i f f e r e n t temp e r a t u r e s , and ( 4 ) t h e shear p r o p e r t i e s a r e measured on a panel r a t h e r t h a n a small specimen. The specimens ( f i g . 1 ) were instrumented w i t h s t r a i n gages (back t o back) a t t h e p o i n t s i n d i c a t e d . They were mounted i n these p o s i t i o n s t o m o n i t o r t h e specimen for any b u c k l i n g t h a t m i g h t occur d u r i n g l o a d i n g and t o map t h e s t r a i n s across i t . The t e s t s were r u n a t a s t r a i n r a t e of 0.13 cm/min (0.05 i n . / m i n ) .
-Sandwich F l e x u r a l Tests Three-point f l e x u r a l t e s t s were conducted on specimens o f t h e composite sandwich s t r u c t u r e measuring 25.4 cm (10.0 i n . ) l o n g by 5.1 cm ( 2 . 0 i n . ) wide by a p p r o x i m a t e l y 0.64 (0.25 i n . ) t h i c k .
(1.0 i n . ) wide by 5.1 cm (2.0 i n . ) l o n g by 0.64 cm (0.25 i n . ) t h i c k were used a t t h e p o i n t o f l o a d i n g and a t t h e two support p o i n t s t o p r e v e n t l o c a l i z e d comp r e s s i v e f a i l u r e a t these p o i n t s . i n f i g u r e 2. A d i a l gage under t h e p o i n t of l o a d i n g was used t o measure t h e d e f l e c t i o n s . The crosshead speed was a d j u s t e d to g i v e a s u r f a c e f i b e r s t r a i n r a t e o f 0.13 cm/min (0.05 l n . / m i n ) .
A s e r i e s o f t e s t s were run t o f a i l u r e on specimens w i t h a 25.4-cm (10.0-in.) span. u s i n g f i v e d i f f e r e n t spans t o measure t h e f l e x u r a l p r o p e r t i e s o f t h e sandwich s t r u c t u r e s . These t e s t s were n o t r u n t o f a i l u r e .
Load spreaders measurivg 2.54 cm
S t r a i n gages were bonded a t t h e s i t e s shown
Another s e r i e s o f t e s t s were r u n Composite Three-Point Bend Tests Both standard f l e x u r a l and short-beam shear t e s t s were conducted on u n id i r e c t i o n a l P-75/934 composite specimens as d e s c r i b e d i n ASTM D-790 and ASTM D-2344, r e s p e c t i v e l y . The span-to-depth r a t i o for t h e short-beam shear t e s t s was 5. The c e n t e r l o a d i n g r a t e for b o t h t e s t s was 0.13 cm/min (0.05 i n . / m i n ) .
T e s t i n g was done a t a l l t h r e e temperatures.
RESULTS
T e n s i l e Tests
The r e s u l t s o f the t e n s i l e t e s t s are presented i n t a b l e I V . The f a i l u r e s t r e s s e s , f a i l u r e s t r a i n s , e l a s t i c moduli, and P o i s s o n ' s r a t i o s a r e t a b u l a t e d f o r each p l y l a y u p scheme a t t h e t h r e e t e s t temperatures. T y p i c a l f a i l u r e f r a c t u r e s are shown i n f i g u r e 3. The f a c t t h a t t h e breaks were across t h e w i d t h o f t h e specimens and away from t h e end tabs i n d i c a t e d r e l i a b l e t e s t r e s u l t s . The measured room-temperature t e n s i l e p r o p e r t i e s a r e i n good agreement w i t h those c a l c u l a t e d from t h e I C A N program ( t a b l e V I . C a l c u l a t e d values of s t r e n g t h and moduli a t t h e two extreme temperatures d i f f e r e d from t h e roomtemperature values by l e s s than 1 p e r c e n t and a r e n o t i n c l u d e d i n t h e t a b l e .
Sandwich Three-Point-Bend Tests Two d i f f e r e n t s e t s o f sandwich s t r u c t u r e specimens, b o t h w i t h t h e (=6Oo/O0), p l y l a y u p scheme, were t e s t e d i n t h r e e -p o i n t bending. The t h i c k composite f a c e sheets were made from 0.013-cm (0.005-in.) t h i c k p r e p r e g and measured 0.089 cm (0.035 i n . ) i n t h i c k n e s s . The t h i n composite f a c e sheets were prepared from 0.0064-cm (0.0025-in.) t h i c k p r e p r e g ( s i x p l i e s ) and measu r e d 0.028 cm (0.011 i n . ) i n t h i c k n e s s . A s can be seen from t h e d a t a i n t a b l e V I , t h e maximum s t r e s s e s i n t h e f a c e sheets o f t h e t h i c k specimens were between 72 and 89 MPa (10 and 13 k s i ) . Table I V l i s t s t h e room-temperature f a i l u r e s t r e n g t h o f t h e C+60/0 O I s t h i c k composites as 331 MPa (48 k s i ) . The f a c e sheets were s t r e s s e d t o o n l y 25 p e r c e n t o f t h e i r f a i l u r e s t r e s s . The f a i l u r e s i n t h e sandwich specimens o c c u r r e d e i t h e r b y c r i p p l i n g i n t h e aluminum honeycomb i t s e l f or by debonding i n t h e adhesivelhoneycomb i n t e r f a c e . The c r i p p l i n g f a i l u r e s appeared t o be e i t h e r t h e c r u s h i n g o f t h e honeycomb under t h e l o a d spreader ( f i g . 4 ) or a shear t y p e o f compressive f a i l u r e near t h e supp o r t pads ( f i g . 5). These f a i l u r e s o c c u r r e d a t t h e two lower temperatures.
A t 121 O C , t h e f a i l u r e o c c u r r e d a t t h e honeycomblface-sheet i n t e r f a c e a t t h e ends o f t h e sandwich specimens. The s t r e s s e s w i t h i n t h e t h i n composite f a c e sheets were h i g h e r , almost 132 MPa (19 k s i ) , and f a i l u r e s t i l l o c c u r r e d w i t h i n t h e honeycomb. The s t r e s s l e v e l s w i t h i n t h e f a c e sheets were s t i l l w e l l below t h e f a i l u r e s t r e s s .
S t r a i n d a t a from t h e gages on b o t h s u r f a c e s o f t h e specimens i n d i c a t e d t h a t no t w i s t i n g or unusual d e f o r m a t i o n o c c u r r e d d u r i n g t e s t i n g . When a beam i s d e f l e c t e d under t h r e e -p o i n t l o a d i n g by a c e n t r a l l o a d t r a n s v e r s e t o i t s t h i c k n e s s , t h e r e l a t i o n s h i p between t h e d e f l e c t i o n and t h e l o a d i s
PL3 PL A ; . -48D + 40 ( 1 )
The first t e r m on t h e r i g h t s i d e o f t h e e q u a t i o n denotes t h e amount o f t h e d e f l e c t i o n t h a t i s caused by t h e bending r e a c t i o n o f t h e beam. The second t e r m on t h e r i g h t denotes t h a t p a r t o f t h e t o t a l d e f l e c t i o n t h a t i s caused by t h e
shear r e a c t i o n . Upon r e a r r a n g i n g , t h e e q u a t i o n becomes
I f one measures beam d e f l e c t i o n s a t d i f f e r e n t loads w h i l e v a r y i n g t h e span, t h e d a t a can then be p l o t t e d on r e c t a n g u l a r paper i n t h e form o f A/PL a g a i n s t L2, w i t h t h e slope 1/48D and t h e i n t e r c e p t 1/4Q. E i g h t measurements were made a t f i v e spans r a n g i n g from 15.2 t o 27.9 cm ( 6 . 0 t o 11.0 i n . ) . were f i t t e d t o a l i n e a r curve by r e g r e s s i o n a n a l y s i s f o r each specimen a t t h e t h r e e temperatures.
The p o i n t s
The f l e x u r a l r i g i d i t y and t h e shear s t i f f n e s s can a l s o be c a l c u l a t e d from t h e f o l l o w i n g two e q u a t i o n s :
The measured and c a l c u l a t e d v a l u e s o f D agreed a t a l l t h r e e temperatures f o r b o t h types of composite sandwiches. The o n l y measured values n o t i n agreement w i t h c a l c u l a t e d values were those of Q a t 121 OC.
U s i n g t h e measured face-sheet moduli from t a b l e VI i n e q u a t i o n (31, we c a l c u l a t e d t h e f l e x u r a l r i g i d i t y o f t h e t h i c k -and t h i n -f a c e d sandwiches t o be 42.8 MPa/cm (15.8 k s i I i n . 1 and 23.6 MPa/cm (8.7 k s i I i n . 1 , r e s p e c t i v e l y . Since t h e c a l c u l a t i o n i n c l u d e d o n l y t h e f l e x u r a l modulus o f t h e composite, no s t g n i fi c a n t change was expected i n t h e v a l u e s o f 0 o v e r t h e temperature range s t u d i e d . The bending moduli from t a b l e VI agree w i t h Young's moduli i n t a b l e I V . t h a n Young's modulus.
One would n o r m a l l y expect t h e bending modulus t o be s l i g h t l y lower
The c a l c u l a t i o n o f Q, as shown i n e q u a t i o n (41, i s q u i t e simple. By u s i n g t h e shear modulus v a l u e of 75 
The values a r e 5.7 MPa/cm ( 2 . 9 k s i j i n . 1
The v a l u e s f o r the c r i t i c a l l e n g t h s Q* were c a l c u l a t e d from t h e r e l a t i o n s h i p ( r e f . 
(5)
The r e s u l t s o f t h e short-beam shear t e s t s and t h e three-point-bend ( f l e xu r a l ) t e s t s a r e presented i n t a b l e V I I . were observed i n any o f t h e f a i l e d short-beam shear specimens. A l l f l e x u r a l specimen f a i l u r e s were caused by f i b e r breakage on t h e specimen s u r f a c e under t e n s i o n .
No b e a r i n g or compressive f a i l u r e s
e metal frame and t h e composite specimen caused t h e sample t o " o i l can'' w i t h i n t h e frame d u r i n g t h e cooldown from t h e cure temperature t o room temperature. The high-temperature-curing adhesive was r e p l a c e d w i t h a roomtemperature-curing adhesive for t h e specimen t e s t e d a t room temperature. 121 O C t e s t i n g was repeated w i t h t h e metal p i c t u r e frame b o l t e d t o t h e t e s t specimen. The f i n a l t o r q u i n g o f t h e b o l t s was done a t t h e t e s t temperature. The low-temperature t e s t i n g was done w i t h t h e metal p i c t u r e frame b o l t e d t o t h e t e s t specimen. One p o s s i b l e means of e l i m i n a t i n g t h e problems caused by t h e d i f f e r e n c e i n t h e c o e f f i c i e n t o f thermal expansion values between t h e specimen and t h e p i c t u r e frame may be t o make t h e specimen and t h e p i c t u r e frame i n t o The one i n t e g r a l u n i t from t h e composite m a t e r i a l b e i n g t e s t e d . T h i s may cause problems i n f a b r i c a t i o n and l o a d t r a n s f e r , b u t these problems may be s o l v a b l e .
When t h i s t e s t f i x t u r e was used w i t h s t r a i n gages, t h e s t r a i n measurement
v a r i e d from t h e c o r n e r o f t h e specimen inward toward t h e c e n t e r a l o n g t h e h o r iz o n t a l ( c o m p r e s s i v e l y loaded) d i a g o n a l . A t t h e c e n t e r , t h e t e n s i l e s t r a i n ( i n l i n e w i t h t h e load, f i g . 1) and t h e compression s t r a i n were almost i d e n t i c a l . The suggested p o s i t i o n i n g of s t r a i n gages or a compressometer i s about onet h i r d o f t h e diagonal from t h e end ( r e f . 4 ) . ASTM D-2719 recommends p o s i t i o ni n g t h e s t r a i n -m e a s u r i n g d e v i c e a l o n g t h e t e n s i o n d i a g o n a l . T h i s measures s t r a i n d a t a t h a t a r e n u m e r i c a l l y e q u i v a l e n t t o t h e compressive s t r a i n d a t a a t t h e specimen c e n t e r . The shear moduli r e p o r
t e d h e r e i n ( t a b l e VI111 were calcul a t e d from t h e s t r a i n s measured a t t h e specimen c e n t e r . The t e n s i o n d i a g o n a l of t h e p i c t u r e -f r a m e specimen i s d e s i g n a t e d as t h e Oo d i r e c t i o n . A f a i l e d
specimen i s shown i n f i g u r e 6. The f a i l u r e i s a v e r t i c a l break i n l i n e w i t h t h e l o a d a x i s . T h i s f a i l u r e mode was caused by a compressive f a i l u r e o f t h e 60° f i b e r s .
DISCUSSION T e n s i l e T e s t s Both t h e t e n s i l e and f l e x u r a l p r o p e r t i e s measured on t h e f a c e sheets o f t h e sandwich s t r u c t u r e s were f i b e r dependent and c o r r e l a t e d we1 1 w i t h c a l c u l a t e p r o p e r t i e s from t h e program ICAN and w i t h each o t h e r . The p r o p e r t i e s o f t h e
C=60/Ools face-sheet m a t e r i a l used i n t h i s s t u d y were l a r g e enough t o cause t h e specimen t o f a i l e i t h e r i n t h e honeycomb or i n t h e adhesive i n t e r f a c e . T h i s made t h e bonding o f t h e f a c e sheets t o t h e aluminum honeycomb a c r i t i c a l s t e p i n f a b r i c a t i n g t h e ACTS honeycomb s t r u c t u r e used i n t h i s s t u d y .
Composite Three-Point-Bend Tests
The two composite three-point-bend t e s t s appeared t o show t r e n d s c o n t r a r y t o those expected from l a m i n a t e t h e o r y . The data, shown i n t a b l e V I I , i n d i c a t e d t h a t t h e f l e x u r a l p r o p e r t i e s were temperature dependent. From experience, a l i m i t e d amount o f m a t r i x dependence i s n o r m a l l y observed i n polymer-matrix composite f l e x u r e t e s t r e s u l t s . These measured d a t a a r e i n agreement w i t h p u b l i s h e d vendor d a t a . t o f i b e r breakage on t h e t e n s i l e s u r f a c e .
A l l f a i l u r e s were determined t o be due
The shear s t r e n g t h d a t a from t h e short-beam shear t e s t s d i d n o t show a s t r o n g temperature dependence, which would be apparent f o r a matrix-dependent p r o p e r t y . A l l specimens f a i l e d i n shear a t a l l temperatures. No b e a r i n g f a i lures were observed. 39 kPa (5.7 k s i ) o v e r t h e 278 deg C temperature range. We cannot e x p l a i n why m a t r i x e f f e c t s were suggested i n t h e f l e x u r a l d a t a b u t n o t i n t h e short-beam shear data. Both s e t s o f specimens were machined from t h e same composite panel.
C a l c u l a t e d values from I C A N do show a s i g n i f i c a n t d r o p o f Picture-Frame Tests L i t t l e i s a v a i l a b l e i n t h e l i t e r a t u r e d e s c r i b i n g t h e d e t a i l s and i n t e rp r e t i n g t h e r e s u l t s o f p i c t u r e -f r a m e shear t e s t s . . The most e x t e n s i v e t r e a t m e n t i s presented i n r e f e r e n c e 5, which suggests a l a c k o f agreement between t h e i n v e s t i g a t o r s c i t e d . T h i s i n v e s t i g a t i o n showed t h a t t h e compressive s t r a i n was n o t u n i f o r m across t h e h o r i z o n t a l d i a g o n a l o f t h e
t e s t specimen shown i n f i g u r e 1. An a n a l y s i s o f t h e p i c t u r e -f r a m e t e s t i s needed to determine t h e s t r e s s d i s t r i b u t i o n w i t h i n t h e t e s t specimen as w e l l as t h e s t r a i n d i s t r i b u t i o n a l o n g t h e compression d i a g o n a l . An a n a l y s i s model has been developed a t Lewis, b u t t h e d e t a i l e d r e s u l t s a r e n o t y e t a v a i l a b l e .
The room-temperature d a t a measured u s i n g t h e p i c t u r e -f r a m e shear t e s t were i n good agreement w i t h those p r e d i c t e d by t h e I C A N program.
shear modulus for t h e C+6Oo/OoIs composi t e m a t e r i a l o v e r t h e temperature range -157 t o 121 O C were measured by t h e p i c t u r e -f r a m e t e s t . shear modulus i s s i g n i f i c a n t l y i n f l u e n c e d by t h e m a t r i x shear modulus. p r o p e r t y would be expected t o be i n f l u e n c e d by temperature, d e c r e a s i n g as t h e temperature i n c r e a s e s . e r a l compari son. composite specimens. The s t r a i n was 0.1 p e r c e n t a t a c y c l e o f 1 r a d / s e c . The r e s u l t s i n d i c a t e d no n o t i c e a b l e change i n t h e dynamic shear moduli o f t h e
C+6Oo/OoIs specimen o v e r t h e temperature range -157 t o 121 O C . what more d e t a i l . A l l f a i l u r e s were compressive f a i l u r e s a l o n g t h e t e n s i o n d i a g o n a l o f t h e specimen ( t h e a x i s o f l o a d i n g ) . One t e s t was r u n on a specimen t h a t was bonded t o t h e metal frame w i t h an adhesive cured a t room temperature.
The t e s t was conducted a t -157 O C . The c o o l i n g t o 179 deg C below t h e c u r e temperature caused t h e specimen t o " o i l can" w i t h i n t h e metal frame. That t e s t r e s u l t e d i n a f l e x u r a l f a i l u r e p a r a l l e l
t o t h e t e n s i o n d i a g o n a l b u t o f f s e t about h a l f w a y between t h e diagonal and t h e s i d e c o r n e r . A l t h o u g h o n l y one t e s t was r u n , t h a t r e s u l t , a l o n g w i t h t h e s t r a i n gage d a t a i n d i c a t i n g t h a t no o i l canning o c c u r r e d i n t h e o t h e r t e s t s , i n d i c a t e s t h a t t h e c o e f f i c i e n t o f thermal
expansion mismatch between t h e composite and t h e metal frame was o f no consequence i n these t e s t s . None o f t h e f a i l u r e s were o f f s e t from t h e t e n s i o n d i a g o n a l .
No changes i n t h e
The composite T h i s Another t y p e o f modulus measurement was chosen f o r genDynamic shear modul i measurements were made on C~6Oo/OoIs
The f a i l u r e mode i n t h e p i c t u r e -f r a m e t e s t s should be e x p l a i n e d i n someSandwich Three-Point-Bend Tests
The f l e x u r a l t e s t s o f t h e sandwich s t r u c t u r e s c o n t r i b u t e d s i g n i f i c a n t l y t o t h e i n f o r m a t i o n gleaned from t h i s s t u d y .
A s e r i e s o f low-load t e s t s were conducted t o measure t h e f l e x u r a l r i g i d i t y D and t h e shear s t i f f n e s s Q of t h e sandwich p a n e l s . Those p r o p e r t i e s can determine t h e dimensional r e q u i r ements f o r c o n t r o l l i n g t h e r e a c t i o n o f t h e honeycomb sandwich t o t r a n s v e r s e l o a d i n g . These low-load f l e x u r a l t e s t s a l s o confirmed t h e m o d u l i . As expected, t h e f l e x u r a l modulus was r e l a t i v e l y i n s e n s i t i v e t o temperature v a r i at i o n s because t h e m a t r i x modulus was so much lower than t h e f i b e r modulus.
The shear s t i f f n e s s determined by m u l t i p l y i n g t h e core modulus by t h e d i s -
The modutance between t h e c e n t r o i d s o f t h e sandwich f a c e sheets was r e l a t i v e l y unchanged between -157 and 22 OC. A t 121 O C , however, t h e shear s t i f f n e s s dropped t o a p p r o x i m a t e l y 45 p e r c e n t o f i t s room-temperature v a l u e . l u s o f t h e aluminum c o r e was 75.8 kPa ( 1 1 p s i ) , from t a b l e I . Young's modulus o f t h e 5052 aluminum a l l o y a t 121 O C was about t h e same as i t s room-temperature v a l u e ( a c c o r d i n g t o t h e ALCOA aluminum handbook (1959, p. 30)). I t can be i n f e r r e d from t a b l e V I 1 1 t h a t t h e shear modulus o f t h e [=6Oo/OoIs composite does n o t change w i t h i n c r e a s i n g temperature. As p r e v i o u s l y n o t e d ( i n t h e sect i o n M a t e r i a l s and F a b r i c a t i o n Procedures), t h e epoxy adhesive used t o bond t h e
SUMMARY OF RESULTS
A s t u d y of t h e mechanical p r o p e r t i e s o f composite sandwich m a t e r i a l s i n t e n d e d for antenna a p p l i c a t i o n s on t h e Advanced Communications Technology S a t e l l i t e (ACTS) l e d t o t h e f o l l o w i n g c o n c l u s i o n s :
1 . The I C A N program appears t o be e f f e c t i v e i n p r e d i c t i n g b o t h f l b e rdominated and matrix-dominated mechanical p r o p e r t i e s o f composite m a t e r i a l s .
2. The p i c t u r e -f r a m e t e s t can be used to measure shear p r o p e r t i e s t h a t a r e i n l i n e w i t h p r e d i c t e d values and a l s o t o determine whether t h e r e s u l t i n g f a i lu r e modes a r e those p r e d i c t e d . I t i s recommended t h a t a d e t a i l e d a n a l y s i s o f t h e t e s t be made t o c l a r i f y c o n f l i c t i n g i n f o r m a t i o n found i n t h e l i t e r a t u r e . Those who m i g h t want t o use t h i s t e s t as a p a r t o f a standard c h a r a c t e r i z a t i o n program m i g h t c o n s i d e r combining t h e specimen and t h e l o a d i n g frame i n t o one u n i t u s i n g one c o n s t r u c t i o n m a t e r i a l . about t h e e f f e c t s o f d i f f e r e n c e s i n t h e c o e f f i c i e n t s o f thermal expansion. However, t h e problem o f i n t r o d u c i n g t h e l o a d i n t o t h e u n i t may be too g r e a t . T h i s would e l i m i n a t e t h e n a t u r a l concern 3. The sandwich f l e x u r a l t e s t s h i g h l i g h t t h e s i g n i f i c a n c e o f t h e mechanic a l p r o p e r t i e s o f t h e adhesive i n p r o d u c i n g a composite sandwich s t r u c t u r e t h a t e x h i b i t s a l l t h e i n t e n d e d p r o p e r t i e s . The mechanical p r o p e r t i e s of t h e adhes i v e a r e e s p e c i a l l y i m p o r t a n t i n s t r u c t u r e s w i t h s h o r t span-to-thickness r a t i o s , where t h e shear s t i f f n e s s c o n t r i b u t e s t o t h e magnitude o f t h e beam or panel d e f l e c t i o n .
.
The sandwich composite f l e x u r a l t e s t s employed span l e n g t h s l e s s t h a n t h e c r i t i c a l l e n g t h s o f t h e two types o f sandwiches used i n t h i s s t u d y . T h i s produced f a i l u r e mechanisms t h a t were c o n t r o l l e d by shear r e a c t i o n s i n t h e honeycomb and t h e adhesive. A t span l e n g t h s g r e a t e r than t h e c r i t i c a l l e n g t h s , t h e f a i l u r e modes would be expected t o be f l e x u r e c o n t r o l l e d . The composite m a t e r i a l proposed f o r use i n t h e Advanced Communications Technology S a t e l l i t e (ACTS) Program c o n t a i n s a new, high-modulus g r a p h i t e f i b e r as t h e r e i n f o r c e m e n t . measure c e r t a i n mechanical p r o p e r t i e s of t h e new f i b e r -r e i n f o r c e d m a t e r i a l as w e l l as of a composite-faced aluminum honeycomb sandwich s t r u c t u r e . P r o p e r t i e s were measured a t -157, 22, and 121 "C. Complete c h a r a c t e r i z a t i o n o f t h i s m a t e r i a l was n o t i n t e n d e d . L o n g i t u d i n a l t e n s i l e , p i c t u r e -f r a m e shear. short-beam shear, and f l e x u r a l t e s t s were performed on specimens o f t h e comp o s i t e face-sheet m a t e r i a l s . U n i d i r e c t i o n a l , c r o s s -p l i e d , and q u a s i -i s o t r o p i c f i b e r composite p l y l a y u p designs were f a b r i c a t e d and t e s t e d . g r a t e d Composite A n a l y z e r (ICAN) computer program. composite-faced sandwich s t r u c t u r e m a t e r i a l . i n t h e t e n s i l e , p i c t u r e -f r a m e , and sandwich f l e x u r a l t e s t s . The sandwich f l e x u r a l s t r e n g t h was l i m i t e d by t h e core s t r e n g t h a t -157 and 22 "C. a t 121 "C.
Adhesive mechanical p r o p e r t i e s a r e r e f l e c t e d i n sandwich s t r u c t u r e f l e x u r a l p r o p e r t i e s when t h e span-to-depth r a t i o i s g r e a t enough t o a l l o w a s i g n i f i c a n t shear e f f e c t on t h e l o a dd e f l e c t i o n b e h a v i o r o f t h e sandwich beam. Most measured p r o p e r t i e s agreed s a t i s f a c t o r i l y w i t h t h e p r o p e r t i e s p r e d i c t e d by ICAN.
A s t u d y was conducted t o
These designs had been s t u d i e d by u s i n g NASA's I n t e -F l e x u r a l t e s t s were conducted on [k.6O0/4"] R e s i s t a n c e s t r a i n gages were used t o measure s t r a i n s The adhesive bond s t r e n g t h was t h e l i m i t i n g f a c t o r
